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(54) Sintered metal filters 

(57) A sintered porous metal filter (F) permitting 
passage of gases therethrough comprises a filter por- 
tion (la) having specified pores for trapping dust as sep- 
arated from the gas to be treated, and a support portion 
(lb) for supporting the filter portion, the support portion 
(1 b) having pores greater than the pores of the filter por- 
tion (la) to diminish the pressure loss of the gas to be 
treated, the filter portion (la) comprising metal particles 
(5) of small diameter, the support portion (lb) compris- 
ing metal particles (6) having a greater diameter than 
the filter portion forming metal particles (5), the fitter 
portion (la) and the support portion (lb) being formed 
to provide an outer side and an inner side integral there- 
with by sintering the two kinds of metal particles (5)(6) 
by hot isostatic pressing. A catalyst reaction portion 
(1 12) for rendering noxious components of the gas to be 
treated harmless is formed in the filter portion (la) or 
the support portion (lb), or as an independent catalyst 
layer. 
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Description 

Field of the Invention 

The present invention relates to sintered filters for 
use under high-temperature conditions, and more par- 
ticularly to sintered metal filters for use in combustion 
exhaust gas treating apparatus for refuse Incinerators. 

PaCkgrQMPd of th? Ipvgntipn 

Combustion exhaust gas treating apparatus for 
incinerators for refuse such as garbage are adapted to 
discharge combustion exhaust gas from a combustion 
unit 101 through a chimney 106 by means of an irviuced 
draft blower 105 as shown In FIG. 15. A flue 102 for con- 
ducting the exhaust gas from the combustion unit 101 is 
provided as arranged one after another with a unit 103 
for adjusting the temperature of the exhaust gas. a bag 
filter 120, a unit 122 for heating the exhaust gas and a 
catalytic reactor 121. The temperature adjusting unit 
103 cools the exhaust gas once, followed by removal of 
soot and dust from the gas by the bag filter 1 20 and then 
t>y reheating of the gas by the heating unit 122. I^arnfrful 
substances such as nitrogen oxides and dioxin are 
thereafter removed from the exhaust gas by the cata- 
lytic reactor 121. 

The combustion exhaust gas is cooled first because 
the upper limit temperature at the inlet of the bag filter is 
about 150 to 200 *'C, and the gas is reheated because 
the temperature permitting the catalyst to retain its 
activity is about 21 0 to 450 "C. 

The exhaust gas treating apparatus thus cools and 
reheats the exhaust gas and therefore has the problem 
that the exhaust gas treatment entails an undesirable 
heat loss. However, if the catalytic reactor is disposed to 
the front of the bag filter, soot and dust will adhere to the 
surface of the catalyst within the reactor to rapidly 
irrpair the properties of the catalyst, so that it is impos- 
sible to change the order of anrangement of the bag filter 
and the reactor. 

Further since the bag filter has the pores of its bag 
clogged with adhering soot and dust, the filter needs to 
be periodically treated by reverse-pressure cleaning. 
The catalyst in the reactor must have its surface regen- 
erated. The provision of the bag fiHer for dust removal 
and the catalytic reactor for making the exhaust gas 
harmless renders the equipment large-sized and more 
costly. Moreover, a great heat loss will result if the 
exhaust gas is reheated to an excessively high temper- 
ature, whereas lower reheating temperatures make it 
necessary to increase the area of contact between the 
catalyst and the exhaust gas in order to enable the reac- 
tor to function satisfactorily. This entails the problem of 
making the reactor greater in size. 

To overcome the above problems, It has been pro- 
posed to use a bag of inorganic material such as a heat- 
resistant ceramic fiber as the bag filter, but it is then dif- 



ficult to prevent the alterations in the pore size of the 
ceramic filter due to reverse-pressure cleaning since the 
filter is made also of a fabric, hence the prolslem of low 
stability in removing fine dust. 

5 An object of the present invention is to eliminate the 
foregoing drawbacks and to provide means Ibr reliably 
removing fine dust from the combustion exhaust gas, 
the means being also adapted, when required, to render 
harmless the harmful substarices contained in the 

10 exhaust gas. 

Summary of the Invention 

The present invention provides a sintered metal fil- 

15 ter comprising a filter portion having specified pores for 
trapping dust as separated from the gas to be treated, 
and a support portion for supporting the filter portion, 
the support portion having pores greater than the pores 
of the filter portion to diminish the pressure loss of the 

20 gas to be treated, the filter portion comprising a layer of 
metal particles of small diameter, the support portion 
comprising a layer of metal particles having a greater 
diameter than the filter portion forming metal particles, 
the filter portion and the support portion toeing formed to 

25 provide an outer side and an Inner side integral there- 
with by preliminarily molding the two layers preferably 
into an integral layer and thereafter sintering the molded 
layers by hot isostatic pressing (HIP). 

The invention provides another sintered metal filter 

30 which comprises a filter portion having specified pores 
for trapping dust as separated from the gas to be 
treated, the pores of the filter portion having partly 
accommodated therein catalyst particles for undergoing 
a catalytic reaction with harmful substances contained 

35 in the gas to render the harmful substances harmless, 
the filter portion comprising metal particles and being 
formed by hot isostatically pressing the metal particles 
and the catalyst particles as suitably made present in 
interstices between the metal particles. 

40 The invention provides another sintered metal filter 
which comprises a filter portion having specified pores 
for trapping dust as separated from the gas to be 
treated, and a support portion for supporting the filter 
portion, the support portion having pores greater than 

45 the pores of the filter portion to diminish the pressure 
loss of the gas to be treated, the pores of the support 
portion having partiy accommodated tiierein catalyst 
particles for undergoing a catalytic reaction with harmful 
substances contained in the gas to render the harmful 

50 substances harmless, the filter portion comprising metal 
particles of small diameter, the support portion compris- 
ing metal particles having a greater diameter tiian the 
filter portion forming metal particles, the filter portion 
and the support portion being formed to provide an 

55 outer side and an inner side integral therewith by hot 
isostatically pressing the metal particles of different 
diameters and catalyst particles as suitably made 
present in interstices between the support portion form- 
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ing metal particles. 

The invention provides still another sintered metal 
filter which comprises a filter portion having specified 
pores for trapping dust as separated from the gas to be 
treated, and a catalyst reaction portion for undergoing a s 
catalytic reaction with harmful substances contained in 
the gas to render the harmful substances harmless, the 
filter portion and the catalyst reaction portion being 
formed to provide an outer side and an inner side inte- 
gral therewith by hot isostatically pressing metal parti- io 
cles for fonning the filter portion and catalyst particles 
for forming the reaction portion. 

Brief Explanation of the Drawings 

IS 

FIG. 1A is a perspective view partly broken away 
and showing a metal filter embodying the invention; 
FIG. 1B is an explanatory view for illustrating parti- 
cles forming the metal filter of FIG. 1 A; 
FIG. 2A is a perspective view partly broken away so 
and showing another metal filter embodying the 
invention: 

FIG. 2B is an explanatory view for illustrating parti- 
cles forming the metal filter of FIG. 2 A; 
FIG. 3 is a schematic view in vertical section of a 25 
molding device to show an exanriple of premolding 
step of a process for producing metal filters: 
FIG. 4 is a schematic view in vertical section of the 
molding device to show a premoMing step subse- 
quent to the step shown in FIG. 3; 30 
FIG. 5 is a schematic view in vertical section of the 
molding device to show a premolding step subse- 
quent to the step of FIG. 4; 
FIG. 6 is a schematic view in vertical section of the 
molding device to show a premolding step sU3se- 35 
quent to the step of FIQ. 5; 
FIG. 7 Is a diagram illustrating the process after the 
premolding steps: 

FIG. 8 is a diagram for illustrating refuse incinerat- 
ing equipment as an example where the metal filter 40 
of the invention is used: 

FIG. 9 is a diagram for illustrating refuse incinerat- 
ing equipment to show an exehfiplary application of 
rnetal f iHers having a catalyst reaction portion and 
emtx)dying the invention: 4S 
FIGS. 10A and 10B are views in vertical section 
showing an embodiment of metal fitter of the inven- 
tion having a catalyst reaction portion: 
FIGS. 11 A and 1 1B are views in vertical section 
showing another embodiment of metal filter of the so 
invention having a catalyst reaction portion; 
FIGS. 12A, 12B and 12C are views in vertical sec- 
tion showing another errtoodiment of metal fitter of 
the invention having a catalyst reaction portion: 
FIGS. 13A and 13B are views in vertical section ss 
showing another embodiment of metal filter of the 
invention having a catalyst reaction portion; 
FIG. 14 is a diagram for illustrating another example 



of combustion exhaust gas treating apparatus of 
the invention; and 

FIQ. 15 is a diagram for illustrating a conventional 
combustion exhaust gas treating apparatus. 

Detailed Description of the Invention 

Metal filters of the invention will be described witii 
reference to the embodiments shown in the drawings. 

First, a description will be given of metal fitters 
which are used only for removing fine dust contained in 
the combustion exhaust gas of refuse incinerators. 

FIG. 1 A shows a metal filter F. which comprises a 
tubular main body I prepared by forming metal particles 
into a tube by sintering, a bottom plate 2 closing one 
end of the main body I. and a flange 3 attached to the 
other end of the main body i by welding. The metal filter 
F is adapted to pass the combustion exhaust gas G of a 
refuse incinerator thereinto from outside. The metal ti- 
ter thus constructed Is usable in place of the bag of a 
bag filter for removing soot and dust from high-tennpera- 
ture exhaust gases, and can be cleaned with a high- 
pressure gas. Moreover, since the passage of exhaust 
gas involves a diminished pressure loss as will be 
described below, the area of filtration can be smaller 
than ttiat of the conventional bag fitter. The metal filter is 
usable as dust removing means with good stability for a 
prolonged period of time since there is no likelihood that 
the pore size will be altered by reverse-pressure clean- 
ing. 

With reference to FIG. 1 A, the main body 1 of the 
metal filter F comprises a fitter portion la and a support 
portion lb which are formed by hot isostatic pressing to 
respectively provide an outer layer and inner layer inte- 
gral therewith. As shown in FIQ. IB. metal particles 5 of 
small diameter are used for forming tiie filter portion la. 
and metal particles 6 greater than the metal particles 5 
for the fitter portion in diameter are used for forming the 
support layer 1 b. A layer of particles for forming the fitter 
portion and a layer of particles for forming the support 
portion are sintered by hot isostatic pressing, whereby a 
small pore size is given to the filter portion la and a 
great pore size to the support portion lb. This imparts 
sufficient sti-engtfi to the metal f Dter obtained although 
the support portion 1b is low in resistance to the pas- 
sage of gas. The pore size of the filter portion la can be 
easily controlled, for exantple, when a material having a 
high sintering temperature is used for the filter portion 
forming particles 5 so as to t^e sintered to a low degree. 
The support portion 1b can be assured of sufficient 
strength to satisfactorily support the filter portion when a 
material having a lower sintering temperature than tfie 
material for the filter F>ortion forming particles 5 is used 
for the support portion forming particles 6 so as to be 
sintered to a full extent. Especially when the filter por- 
tion 1 a and the support portion lb are integrally sintered 
isostatically under a high pressure, the particles can be 
satisfactorily sintered at a relatively low temperature. 
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consequently giving sufficient strength to tfie metal filter. 
This makes It possible to reduce the thickness of the fil- 
ter portion la and to diminish the resistance to the pas- 
sage of gas through the support portion 1b, with the 
result that the pr^sure loss of the gas to be passed 
through the metal filter can be reduced without increas- 
ing the area of filtration. Accordingly, equipment incor- 
porating the metal filter, such as dust removing 
equipment, can be compacted. 

It is desirable that the pores of the filter portion la 
have a pore size distribution satisfying the relationship 
of: 

(D95 - D5)/D50 s 1.5 

wherein D5 is the pore size on the cumulative distribu- 
tion curve of the pore sizes for a cumulative frequency 
of 5%, D50 is the pore size on the curve for a cumulative 
frequency of 50% and D95 is the pore size on the curve 
for a cumulative frequency of 95%. When made to have 
such a pore size distribution, the pores of the filter por- 
tion have a narrow size distribution, and formation of 
pores smaller than is necessary can be prevented rela- 
tive to the minimum particle size of dust to be arrested. 
More specifically, the minimum particle size of dust to 
be arrested by the filter portion corresponds to the pore 
size for a cumulative frequency of 100%. With formation 
of fine pores prevented, the filter is allowed to exhibit its 
characteristics without increasing the resistance to the 
passage of gas. Incidentally, the cumulative distribution 
cun^e of the pore sizes can be obtained by measuring 
the pore sizes of the filter portion, and counting the 
pores in the order of Inaeasing pore size to determine 
the cumulative numbers of the pore sizes. 

To realize the pore size distribution ratio given 
above, the particle size distribution of the filter portion 
forming metal particles is so controlled as to have the 
relationship of: 

(R95-R5)/R50^1.0 

wherein R5 is the particle size on the cumulative distri- 
bution curve of the particle sizes for a cumulative fre- 
quency of 5%. R50 is the particle size on the curve for a 
cumulative frequency of 50% and R95 is the particle 
size on the curve for a cumulative frequency of 95%. 
Preferably, the particle size distribution ratio is control- 
led to 0.8 to 1.0 (to save labor for classification). Thus, 
we have found that the pores of suitable size can be 
formed in this way. The cumulative distribution curve of 
the particle sizes of the metal particles can be obtained 
by measuring the particle sizes of the metal particles, 
and counting up the particles in the order of increasing 
particle size to determine the cumulative numbers of the 
particle sizes. 

It is desired that the metal particles to be used for 
forming the support portion have an average particle 
size greater than the average particle size of the filter 



portion forming metal particles but not greater than 
three times the average particle size. TTiis prevents the 
tatter metal particles to enter the interstices of the sup- 
port portion forming particles while giving suitable 

5 strength to the support portion, consequently prevent- 
ing the pressure loss of the gas to be passed from 
increasing without the necessity of giving an increased 
filtration area to the metal filter. 

As shown in FIGS. 2 A and 2B, the filter portion la 

10 and the support portion lb can be sintered by hot iso- 
static pressing with a metal reticular member 7 inter- 
" posed therebetween to provide an outer layer and an 
inner layer integral therewith. Preferably, the metal retic- 
ular member 7 has openings smaller than the minimum 

IS particle size of the filter portion forming particles. The 
reticular member 7, when provided, renders the 
premolded Ixxiy easy to handle before sintering even if 
the filter portion la is thin, making it possible to produce 
a metal filter having diminished resistance to the pas- 

20 sage of gas. More specifically, the member 7 prevents 
the filter portion forming particles from becoming mixed 
with the support portion forming particles, permitting the 
filter portion la and the support portion 1b to be formed 
as separate layers and serving to hold the premolded 

2S body in shape before sintering. 

Preferably, the opening size of the metal reticular 
member 7 is at least 30% of the average particle size of 
the filter portion forming particles because the member 
7. if interposed, then will not give the metal filter 

30 increased resistance to the passage of gas. 

If a metal net Is used as the reticular member 7. the 
openings of the net provide pores for passing the gas 
more effectively. When the filter portion 1 a has a pore 
size matching the minimum particle size of dust to be 

35 arrested, with the support portion 1b given such a pore 
size as to ensure satisfactory gas flow, the filter portion 
la supported by the metal reticular member 7 can be 
sintered even if having a small thickness, consequently 
making it possible to provide a metal filter which is 

40 diminished in gas-flow resistance. Further when the 
material for the metal reticular member 7 is suitably 
selected, it becomes easy to form the filter portion la 
and the support portion lb from different materials in 
the form of metal particles. If the metal reticular member 

45 7 is made of a material which is satisfactorily bondable 
to both the filter portion and the support portion in this 
case, the filter portion and the support portion are 
united with greater strength. Thus, It becomes easy to 
prepare the fitter portion from a material which readily 

so permits control of the pore size and to use metal parti- 
cles of a material which Is highly amenable to sintering 
for the support portion. 

With reference to FIGS, 2A and 2B, the metal filter 
shown has. for example, the following dimensions. The 

55 filter portion la Is about 0.6 mm In thickness, the sup- 
port portion lb is about 1 .4 mm in thickness, the metal 
reticular member 7 is about 0.1 mm in thickness, and 
the tubular body formed by sintering Is about 100 mm In 
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outside diameter. 

The particles to be used for forming the filter portion 
la are preferably those prepared by the gas atomizatlon 
process and classified to particle sizes In the range of 
90 to 100 Jim (-145 to +170 mesh). The material for the 
filter portion forming particles may be at least one metal 
selected from among heat-resistant alloys such as Ni 
alloys or Co alloys, stainless steels (such as SUS304, 
SUS316 and SUS316L). Ti. Cr and alloys resistant to 
high-temperature corrosion, such as Ti sdloys and Cr 
alloys, In conformity with the purpose of use. Alterna- 
tively, the material may be at least one ceramic selected 
from among ceramic materials such as condierite. The 
metal particles may be used as admixed with ceramic 
particles which are compatible therewith. 

The particles to be used for forming the support 
portion lb are preferably those prepared by the gas 
atomization process and classified to particles sizes in 
the range of 300 to 420 nm (-38 to +48 mesh). The 
material for the support portion forming particles may 
be the same metal as selected for the filter (portion form- 
ing particles. 

The metal reticular member 7 to be used Is prefera- 
t)ly one woven of a wire with a diameter of 0.053 mm 
and having openings 74 \ssr\ in size, which are smaller 
than the minimum particle size. I.e.. 90 ^m, of the filter 
portion forming particles and greater than the pore size 
of the filter portion to be described below (for example, 
200-mesh standard sieve according to JIS). The mate- 
rial for the metal reticular member is at least one metal 
selected from among Ni alloys. Co alloys, stainless 
steels (SUS304. SUS316. SUSSISLand the like). Ti. Cr 
and alloys resistant to heat and/or resistant to high-tem- 
perature conoslon, such as Ti alloys and Cr alloys, in 
conformity with the purpose of use. 

In forming the filter portion and the support portion, 
particles having particle sizes in the foregoing ranges 
(the filter portion forming particles 90 to 100 jim in size, 
the support portion forming particles 300 to 420 jim in 
size) are sintered by hot isostatic pressing, whereby the 
filter portion can be decreased in pore size and the sup- 
port portion can be increased in pore size, with the 
result that the sintered product obtained is 17 to 20 ^m 
in the pore size of the filter portion and 50 to 100 ^m in 
the pore size of the support portion. Thus, the support 
portion lb is adapted to offer lower gas-flow resistance 
even if having an increased thickness. 

Incidentally. If the support portion is 100 fim in pore 
size. It is likely that filter portion forming particles will 
ingress into the pores of the support portion to close the 
pores unless the metal reticular member 7 is provided. 
In the case where no reticular member is used, there- 
fore, the particle size range of the support portion form- 
ing particles needs to be so determined as not to permit 
filter portion forming particles to fill the Interstices 
between the support portion forming particles. For 
example, when the filter portion forming particles are 
100 in average particle size and when the particle 



size distribution ratio thereof (a value olstalned by divid- 
ing the difference between the particle size on the 
cumulative distribution curve of the particles sizes of the 
filter portion particles for a cumulative frequency of 95% 

5 and the particle size on the curve for a cumulative fre- 
quency of 5%, by the average particle size) is about 1 , it 
is desired that the average particle size of the support 
portion forming particles be not greater than 300 ^m. 
the metal filter can be thus formed witii ease which 

10 has sufficient strength, and is about 30 \im in the mini- 
mum particle size of dust to be anested, low in gas-flow 
resistance and free of the likelihood of high-tenperature 
corrosion. 

The particles sizes of the filter portion forming par- 
ts tides and the support portion forming particles and the 
opening size of the metal reticular member are given 
above merely as exanrples and are of course variable 
suitably. 

The metal filter of tiie present invention are pro- 

20 duced by forming a filter portion particle layer on the 
inner surface of a hollow cylindrical die with filter portion 
forming particles, disposing inside the filter portion par- 
ticle layer a metal reticular member having openings 
with a size not smaller than 30% of tine average particle 

25 size of the filter portion forming particles and smaller 
than the minimum particles size of the filter portion 
forming particles, forming a support portion particle 
layer inside the metal reticular member with support 
portion forming particles having an average particle size 

30 at least twice tiie average particle size of the fitter por- 
tion forming particles, preliminarily molding the filter 
portion particle layer, the metal reticular ment>er and 
tiie support portfon particle layer into an integral tiibular 
body and sintering the tubular molded body by hot iso- 

35 Static pressing. 

An example of process for producing tiie metal filter 
of the invention will be described next witti reference to 
FIGS. 3 to 7. 

Rrst as seen in FIG. 3, a filter portion forming slurry 

40 12 prepared from filter portion forming particles 5 as 
screened witii use of a sieve to -145 mesh to +1 70 mesh 
(about 90 to about 100 ^m in particle size range), water 
. serving as a dispersion medium L. a dispersant and a 
binder is poured onto the inner surface of a centrifugal 

45 molding die 20, 1 00 mm in inside diameter and serving 
as a hollow cylindrical die, while rotating the die at a 
high speed. The die 20 is rotated at such a speed that 
the particles 5 to be poured in will be subjected to a suf- 
ficient centrifugal force (e.g., 300 r.p.m.). The centrifugal 

so molding die 20 comprises a die body 20a fitted in a 
rotary frame 20b, a barrier 21 disposed at each end of 
tiie die body 20a. and a fixing member 20c disposed at 
the outer side of each barrier 21. End plates 22 
ananged at tiie outer sides of the respective fixing 

55 members 20c, 20c are fixedly fastened to the rotary 
frame 20b. whereby tiie die body 20a Is fixed to the 
rotary frame 20b. The die 20 is supported by a pair of 
rollers 23 disposed close to tiie respective opposite 
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ends of the die and is rotated by rotatingly driving the 
rollers 23. A heater block H is provided around the die 
20 so as to cover the die body 20a. The heater block H 
has a heater 25 provided inside a heater cover 24 com- 
prising circumfererrtially divided two segments. 

A specified amount of filter portion forming slurry 12 
is supplied to a hopper 30b of a trough 30 and poured 
into the die body 20a through a spout 30a inserted Into 
a. material Inlet 21a of the barrier 21 while holding the 
particles suspended in the dispersion medium. After the 
slurry 12 has been completely poured in, the trough 30 
is retracted with the die 20 held in rotation, permitting 
the particles 5 to separate from the dispersion medium 
L under gravity and to deposit on the inner surface of the 
die body a, whereby a deposit layer D is formed (see 
FIG. 4). . 

With the start of formation of the deposit layer D. the 
die is heated by the heater 25, and an air pipe 26 is 
inserted into the die body 20a at the same time through 
an opening in the end plate 22 of the die 20 to inject dry- 
ing air inside the barriers 21 (see FIG. 4), whereby the 
dispersion medium L of the slurry 12 is evaporated to 
form a filter portion particle layer 8 on the Inner surface 
of the die body 20a (see FIG. 5). 

After the formation of the particle layer 8. the air 
pipe 26 is withdrawn, and a nickel net 7 con-esponding 
to the 200-mesh standard siey^e prescribed in JIS and 
wound into a slender roll is inserted inside the barrier 21 
through the opening of the end plate 22 and material 
inlet 21a, rotated with the die 20, centrifugally unwound 
and placed over the inner surface of the filter portion 
particle layer 8 to serve as a metal reticular member. 

After the nickel net 7 has been placed In position, a 
specified amount of support portion forming slurry 13 
conprising particles 8 as classified to -36 mesh to +48 
mesh (about 300 to about 400 ^im) is supplied to the 
hopper 30b like the filter portion forming slurry 12 as 
shown in FIG. 6 and poured into the die inside the nickel 
net 7 through the spout 30a of the trough 30 inserted 
into the die through the material inlet 21a of the barrier 
21 . With the die 20 held as it is in rotation, the slurry 13 
is separated under gravity, causing the support portion 
forming metal partides 6 to separate from the disper- 
sion medium L and deposit on the inner surface of the 
nickel net 7. followed by drying as in the case of the filter 
portion forming slurry 12 to form a support portion form- 
ing particle layer 9. The layer is formed separately with 
a uniform thickness since the filter portion forming parti- 
cle layer 8 Is covered with the nickel net 7 and therefore 
will not be washed when the support portion forming 
slurry 13 is poured inside the particle layer 8. 

The dispersant to be incorporated into the filter por- 
tion forming slurry 12 and the support portion forming 
slurry 1 3 is preferably such that the dispersant will read- 
ily evaporate off when the dispersion medium L is evap- 
orated. The binder should be such an agent that it will 
produce no adverse effect on the hot isostattc pressing 
of the filter portion forming particles 5, support portion 



forming particles 6 and metal reticular member 7. For 
example, a water-soluble binder, water-soluble resin or 
the like is usable. 

After the formation of the support portion particle 

5 layer 9. the centrifugal molding die 20 is held out of rota- 
tion, the end plate 22 is removed from one side, the fix- 
ing member 20c and the barrier 21 are removed from 
the same side, and the molded tubular body 10 com- 
prising the particle layer 8. metal reticular member 7 

10 and particle layer 9 is withdrawn from the die 20 and 
placed into a hot isostatic pressing device shown in FIG. 
7, in which the body is sintered to obtain a filter main 
body 1 (exemplary sintering conditions: 700 °C, 100 
MPa, 3 hours). A flange 3 and a bottom plate 2 are 

IS joined to the main body 1 by welding to obtain a metal 
filter R 

The average particle size, or the maximum particle 
size and particle size range of the filter portion forming 
particles 5 are determined in accordance with the parti- 
te de size of the dust to be removed from the gas to be 
treated. Further the aforementioned pore size distribu- 
tion ratio is determined in accordance with the contem- 
plated purpose, and the partide size distribution ratio of 
the filter portion forming partides 5 is determined In cor- 

25 responding relation to the former ratio. As previously 
stated, the pore size distribution ratio has a dose con-e- 
lation with the particle size distribution ratio. The result 
of actual measurement indicates that the regression 
coefficient of the particle size distribution ratio to the 

30 pore size distribution was about 0.87. the contribution 
rate was about 0.04, and the regression line was in very 
dose accord with the measurement of pore size. 

The opening size, wire diameter, etc. of the metal 
reticular mennber 7 are suitably determined mainly In 

35 accordance with the particle size distribution of the filter 
portion forming particles 5. 

The metal reticular member 7 can be dispensed 
with. In this case, the average particle size of the sup- 
port portion forming partides 6 is preferably greater 

40 than the average partide size of the filter portion form- 
ing particles 5 and not greater than three times the aver- 
age particle size, and is more preferably smaller than 
twice the minimum particle size of the filter portion form- 
ing particles 5 and greater than 1.2 times the minimum 

45 particle size. The filter portion forming particles 5 will 
not ingress irrto the interstices between the support por- 
tion forming particles 6 which are sized in this range, 
and the flow of gas through the metal filter is unlikely to 
be impeded by the support portion lb formed by such 

so particles. 

Although the support portion 1b is provided in the 
form of a hollow cylinder inside the filter portion la 
according to the foregoing embodiments, the support 
portion lb may be formed outside the filter portion la. 

55 Further the filter portion 1 a. as well as the support por- 
tion lb, may be planar to form a fitter. 

While the filter portion particle layer 8 and the sup- 
port portion particle layer 9 are formed k>y centrifugal 
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molding according to the embodiment described, one or 
both of the layers n^y be formed by applying a paste by 
coating, or by dry centrifugal molding on a molded sur- 
face of the sintered type. 

Although the metal reticular member 7 is centrlfu- 
gally affixed to the inner surface of the filter portion 
forming particle layer 8 according to the foregoing 
embodiment, the metal reticular member 7 may alterna- 
tively be a porous metal plate or metal membrane in a 
reticular form. The reticular mender 7 may be affixed to 
the inner surface of the filter portion forming particle 
layer 8 at rest in the case where centrifugal molding is 
resorted to as described above. In this case, the same 
binder as used for the filter portion particle layer 8 or an 
adhering substance of different kind can be used for 
affixing. 

The acceleration of the centrifugal force to be 
applied by the speed of rotation of the molding die 20 to 
the filter portion forming particles 5 to be poured in 
should be determined as desired in accordance with the 
properties of the filter portion forming particles 5 and the 
dispersion medium L. For example, when the specific 
gravity difference between the particles 5 and the dis- 
persion medium L is small, or when the dispersion 
medium L has a high kinematic viscosity, it Is desirable 
to use a high speed of rotation in order to shorten the 
molding time. 

The metal filters described above are favorably usa- 
ble as a replacement for the bag filter 120 included in 
the combustion exhaust gas treating apparatus of the 
conventional refuse incinerator shown in FIG. 15. In this 
case, the metal fitter of the Invention has the advantage 
that the exhaust gas having a high temperature can be 
passed therethrough unlike the bag filter 120. Accord- 
ingly, the exhaust gas can be fed to the catalytic reactor 
121 at a temperature in the range of about 210 to about 
450 and permitting the catalyst to retain its activity, 
so that at least the exhaust gas heating unit 122 for 
reheating the cooled exhaust gas can be omitted from 
the flue between the metal filter F and the catalytic reac- 
tor. FIG. 8 shows an apparatus wherein the exhaust gas 
heating unit 122 (see FIG. 15) is dispensed with. 

Next, a description will be given of a metal filter 
which is adapted to trap dust as separated from the gas 
to be treated and which has a catalyst reaction portion 
for removing harmful substances, such as -nitrogen 
oxides and dioxin. from the gas to be treated. 

The metal filter having the catalyst reaction portion 
is suited for use in combustion exhaust gas treating 
apparatus for incinerators for refuse such as garbage as 
seen in FIG. 9. With reference to FIG. 9. a flue 102 for 
guiding the connbustion exhaust gas from a refuse incin- 
erator 101 as a combustion unit to a chimney 106 is pro- 
vided with a unit 1 03 for adjusting the temperature of the 
exhaust gas, a high-temperature dust removing unit 1 10 
and an exhaust gas cleaning unit 104A which are 
arranged in succession. The exhaust gas is sent from 
the cleaning unit 104A toward ttie chimney 106 t)y an 



Induced draft blower 105. Between the exhaust gas 
temperature adjusting unit 103 and tfie dust removing 
unit 110. the flue 102 has a reducing agent feeder 107 
for injecting a reducing agent Into the flue. The reducing 

5 agent feeder 107, the exhaust gas temperature adjust- 
ing unit 103 and the dust removing unit 110 having tfie 
flue 102 extending therethrough provide the exhaust 
gas treating apparatus. 

The cleaning unit 104A is adapted to clean the 

10 exhaust gas to furtiier remove noxious gases, such as 
hydrochloric acid, remaining in the exhaust gas while 
cooling the gas also as an exhaust gas cooling unit 104. 
The temperature adjusting unit 103 serves to adjust the 
temperature of tiie exhaust gas when the gas tenpera- 

15 ture exceeds the temperature specified lor the high- 
temperature dust removing unit 110. 

The dust removing unit 110 is divided into upper 
and lower two chambers. The exhaust gas is introduced 
into the lower chamber, and the gas as cleaned Is dls- 

20 charged from the upper chamber. 

As shown in FIG. 10A, a filter F has a tubular main 
body 1 extending downward in the lower chamber and 
attached to a partition wall 1 1 0a between the upper and 
lower chambers. The main body 1 has an upper end 

ss open toward the upper chamber and a lower end closed 
with an end plate 111a. With refa^ence to FIG. 10A, tiie 
filter F comprises a tubular filter portion 111, and a 
porous tubular support member 1 1 5 provided inside the 
filter portion to constitute the main bo6y 1 . Catalyst par- 
do tides C providing a catalyst reaction portion 112 are 
packed In an annular space defined by tiie filter portion 
1 1 1 and the support member 115. The catalyst particles 
C comprise activated carbon or activated particulate 
coke. The upper end of the porous support member 115 

35 has a venturi 114 attached to the partition wall 1 1 0a and 
serving also as a closure for the catalyst reaction por- 
tion 112. Disposed above tiie partition wall 110a is 
reverse-pressure cleaning piping 113 serving as a 
reverse-pressure cleaning device. A cleaning nozzle 

40 1 1 3a attached to the piping 1 1 3 Is opposed to tiie open- 
ing of the ventijri 114. 

The exhaust gas from the refuse incinerator 101 
has its temperature adjusted by being cooled to 300 to 
450 "C by the temperature adjusting unit 103. Ammonia 

45 is thereafter added to tiie gas by the reducing agent 
feeder 1 07. and tiie gas is then sent to the high-temper- 
ature dust removing unit 1 10. As shown in FIG. 10A. the 
exhaust gas G passes through tiie filter portion 1 1 1 
from outside to inside within the unit 110, is thereby 

so cleaned of dust and comes into corrtact with the catalyst 
particles C of the reaction portion 112. whereby nitro- 
gen oxides in tiie gas G are made harmless. At ttie 
same time, the contact of the gas with the ammonia and 
with the catalyst particles C of tiie reaction portion 112 

65 makes dioxin or furan (hereinafter referred to as "dioxin 
or the like") present in the gas G is rendered harmless. 
Dioxin or the like, even if remaining, is adsorbed by tiie 
particulate coke incorporated in the catalyst particles C, 
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with the result that the exhaust gas G cleaned of the 
harmful substances, such as nitrogen oxides and dioxin 
or the tike. Is sent out Into the upper chamber of the dust 
removing unit 110. The exhaust gas cleaning unit 104A 
further removes harmful gases such as hydrochloric 
acid from the exhaust gas sent out from the dust remov- 
ing unit 1 10 while cooling the exhaust gas at the same 
time. The gas Is then released to the atmosphere. 

It is generally said that if combustion exhaust gases 
containing unburnt cartx}n and metallic oxides are 
cooled, dioxin or the like is formed again at a tempera- 
ture of 200 to 400 *'C owing to the de novo effect, 
whereas unburnt carbon and metallic oxides are 
removed by the filter portion of the metal filter of the 
invention, so that there is no likelihood of formation of 
dioxin or the like. Moreover, with excessive cooling 
avokied. the loss of thermal energy can be reduced. 
Thus, noxious substances such as nitrogen oxkJes and 
dioxin or the like can be removed from the combustion 
exhaust gas while removing fine dust from the exhaust 
gas with good stability at the same time and also while 
utilizing the thermal energy of the exhaust gas. 

To pr&^ent the pores of the filters F of the high-tem- 
perature dust removing unit 110 from clogging, high- 
pressure air serving as a reverse-pressure cleaning 
flukj S is periodically Irijected Into the filters F from the 
cleaning nozzles 1 13a of the reverse-pressure cleaning 
device as seen in FIG. 10B. The injection pressure of 
the high-pressure air S is maintained within each filter 
portion 1 11 by the venturi 1 14 to clean the surfaces of 
the catalyst particles C and remove soot and dust 
deposited in the filter portion 111. The adhering dust 
forced out from the outer surface of the filter portion 1 1 1 
by the Injection of the air S Is drawn off through a rotary 
valve 116 disposed in the bottom of the dust removing 
unit 110 and discharged by a screw conveyor 117. 
Heated high-pressure air or superheated steam may 
alternatively be used as the cleaning fluid S; a fluid suit- 
able for regenerating the catalyst can be used. If a high- 
pressure gas for regenerating the catalyst is used as the 
reverse-pressure cleaning fluid, tiie catalyst reaction 
portion can be treated for regeneration simultaneously 
with reverse-pressure cleaning. 

FIGS. 11 A and 11B show another embodiment of 
fiKer F, which has no porous support member 115 (see 
FIG. 10 A) but has a cleaning nozzle 1 13a extending to 
the bottom of a f ilter portion 111 in the forni of a bot- 
tomed hollow cylinder. As seen In FIQ. 11B, ports for 
injecting a reverse-pressure cleaning fluid are formed in 
the side portion of the nozzle 113a, and catalyst parti- 
cles C can be filled in the filter portion 1 1 1 around the 
nozzle 1 13a to provide a catalyst reaction portion 112. 
The entire flow channel fbr'the exhaust gas G inside the 
filter portion 1 1 1 is then formed as the catalyst reaction 
portion 112. permitting the gas G to come Into contact 
with the catalyst particles C more frequently, vifhile the 
cleaning fluid S is supplied to the whole mass of catalyst 
particles C to effectively regenerate tiie catalyst parti- 



cles C. 

FIGS. 12A and 12B show another embodiment of 
filter F, wherein catalyst particles C may be accommo- 
dated In part of the pores of a tubular filter portion 111. 

5 As shown in a fragmentary enlarged sectional view of 
FIQ. 12C, a mixture of metal particles M having a uni- 
form particle size, for example, of 120 ^m and catalyst 
particles C having a uniform particle size of 25 to 30 ^m 
and suitably made present in interstices between metal 

10 particles M is sintered by hot Isostatic pressing, 
whereby the filter portion 111 can be formed with the 
catalyst particles confined therein. As shown in FIG. 
12A, the exhaust gas G passing through the filter por- 
tion 1 1 1 comes Into contact with the catalyst particles C 

15 confined in pores thereof during the passage to remove 
harmful substances from ttie gas G tfirough a catalytic 
reaction. The filter portion 111 Is regenerated with 
superheated steam injected from a cleaning nozzle 
113a provided as a reverse-pressure cleaning device, 

20 The soot and dust anested by the outer surface 1 1 1 b of 
the filter portion 111 are forced off by the steam, which 
at the same time comes into contact with tfie surfaces of 
the catalyst particles C confined between the outer sur- 
face 111b and tfie Inner surface 11 1 c of the filter portion 

25 111. whereby tiie catalyst particles can be regenerated 
(seeFIG. 12B). 

With the embodiment shown in FIGS. 12A and 12B. 
it is desired to use filter portion forming metal particles 
which are generally uniform in particle size and to use 

30 catalyst particles having a particle size greater than tiie 
pore size in the surface of ttie filter portion and permit- 
ting ttie catalyst particles to be accommodated In tiie 
interstices between the metal particles with a clearance 
formed in the interstices. This makes the pores uniform 

35 In size, prevents the release of the catalyst particles 
from the filter portion and provides a flow channel for the 
exhaust gas. Thus, making tiie metal particles to be sin- 
tered uniform in size obviates the presence of metal 
particles tiiat would fill the Interstices surrounded by the 

40 adjacent metal particles, reliably forming spaces for 
. accommodating tiie catalyst particles between tiie 
metal particles. It is known that the minimum particle 
size of dust to be arrested by such a filter comprising a 
sintered body Is 13 to 20% of the size of the metal par- 

45 tides although the minimum particle size arxJ the mini- 
mum size of the spaces are dependent on the shape of 
metal particles. Accordingly, the catalyst particles which 
are 20 to 30% of the metal particles In particle size can 
be satisfactorily confined in the spaces between the 

so metal particles while ensuring the contact and bond 
between the adjacent metal particles, so that when cat- 
alyst particles which are sized in this range are selected 
for use. the catalyst particles can be confined within the 
sintered metal body while assuring the gas of its flow 

55 channel. As a result, a filter for use at a high tempera- 
ture can be provided which satisfactorily permits the gas 
to pass theretiirough, incorporates a catalyst therein 
and permits the fluid to reliably come into contact witii 
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the catalyst during passage to undergo a catalytic reac- 
tion. Accordingly, a combustion exhaust gas treating 
apparatus can be provided which stably removes fine 
dust from the exhaust gas and at the same time 
removes noxious substances from the gas utilizing the 
temperature of the gas. 

FIGS. 13A and 13B show another embodiment of 
filter F. which conprlses a tubular filter portion 1 1 1 and 
a tulDutar porous support portion 117 disposed inside 
the inner surface of the filter portion to constitute a main 
body 1, with catalyst particles C accommodated partly 
in pores of the support portion 117. The support portion 
117 having the catalyst confined therein can t»e regen- 
erated in the same manner as the filter portion 111 pre- 
viously described (see FIG. 13B). 

While a catalyst for removing nitrogen oxides Is 
used for the catalyst particles C. the catalyst may be 
admixed with a catalyst for removing dioxtn or the tike. 
Further activated carbon (which may be replaced by 
activated coke) may be caused to support these cata- 
lysts thereon to obtain catalyst particles for use. The 
catalyst particles Include those incorporating adsorbent 
particles. 

As seen in FIG. 14, the exhaust gas treating appa- 
ratus comprising the metal filter of the Invention for use 
at a high temperature may include a waste heat boiler 
108 provided for a refuse incinerator 101 and having a 
steam generator 108a serviceable as a exhaust gas 
temperature adjusting unit 103. A water preheater 108b 
for preheating the water to be supplied to the steam 
generator 108a may be used as a replacement for the 
exhaust gas cleaning device 104A so as to function as 
an exhaust gas cooling unit 104. 

The exhaust gas cooling unit 104 can be dispensed 
with depending on the construction of the equipment 
provided with a combustion unit, such as municipal gar- 
bage incinerator equipment. 

The metal filter of the invention for use at high tem- 
peratures for exhaust gas treating apparatus for refuse 
incinerators are also suited for uses involving a need to 
separate dust from high-temperature gases, for exam- 
ple, as a filter for use In coal gasifk»tion complex elec- 
tric power plants and pressurized fluidized bed boiler 
plants. 

Claims 

1 . A sintered porous metal filter permitting passage of 
gases therethrough, the filter comprising: 

a filter portion having specified pores for trap- 
ping dust as separated from the gas to be 
treated, and 

a support portion for supporting the filter por-. 
. tion, the support portion having pores greater 
than the pores of the filter portion to diminish a 
pressure loss of the gas to be treated, 
the filter portion comprising a layer of metal 



particles of small diameter, the support portion 
comprising a layer of metal particles having a 
greater diameter than the filter portion forming 
metal particles, the filter portion and the sup- 
5 port portion being formed to provide an outer 

side and an inner side integral therewith by hot 
isostatic pressing of the two layers. 

2. IhB metal filter as defined In claim I wherein the 
10 pores of the filter portion have a pore size distribu- 
tion satisfying the relationship of: 

(D95 - D5)/D5p S 1.5 

IS wherein D5 is the pore size on a cumulative distri- 
bution curve of the pore sizes for a cumulative dis- 
trbutton frequency of 5%, D50 is the pore size on 
the curve for a cumulative frequency of 50% and 
D95 is the pore size for a cumulative frequency of 

20 95%. 

3. The metal filter as defined in. claim 1 wherein an 
average particle size of the support portion forming 
metal particles is greater than the average particle 

25 size of the filter portion forming metal particles and 
not greater than three times the average particle 
size. 

4. The metal filter as defined in claim 1 wherein the f il- 
30 ter portion forming metal particles and the support 

portion fbnning metal particles are made of a metal 
material having high heat resistance. 

5. The metal filter as defined in claim 1 wherein the f il- 
35 ' ter portion forming metal particles and the support 

portion forming metal particles are made of a metal 
material having high corrosion resistance at high 
temperatures, 

40 6. The metal filter as defined in claim 1 wherein the fil- 
ter portion and the support portion are formed into 
an integral body by hot isostatic pressing with a 
reticular metal member interposed between the two 
portions, the reticular metal member having open- 

45 ings smaller than the filter portion forming particles 
in size. 

7. The metal filter as defined in claim 6 wherein the 
openings of the reticular metal member have a size 

so not smaller than 30% of the average particle size of 
the filter portion forming particles. 

8. A process for producing a metal filter comprising 
fbrming a filter portion particle layer on the inner 

65 . surface of a hollow cylindrical die with filter portion 
forming particles, disposing Inside the filter portion 
particle layer a reticular metal member having 
openings with a size not smaller than 30% of an 
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average particle size of tlie filter portion forming 
particles and smaller than the minimum particles 
size of the filter portion forming particles, forming a 
support portion particle layer inside the reticular 
metal member with support portion forming parti- s 
cles having the average partide size at least twice 
the average particle size of the filter portion forming 
particles, preliminarily molding the filter portion par- 
ticle layer, the reticular metal member and the sup- 
port portion particle layer into an integral tubular fo 
body and sintering the tubular molded body by hot 
isostatic pressing. 

9. A sintered porous metal filter permitting passage of . 
gases therethrough, the filter comprising: is 

a filter portion having specified pores for trap- 
ping dust as separated from the gas to be 

treated, 

the pores of the filter portion having partly 20 
accommodated therein catalyst particles for 
undergoing a catalytic reaction with harmful 
sut)Stance5 contained in the gas to be treated 
to render the harmful substances harmless, 
the filter portion comprising metal particles and 2s 
being formed by hot Isostatic pressing of the 
metal particles and the catalyst particles as 
suitably made present in Interstices between 
the metal particles. 

30 

1 0. The metal fitter as defined in claim 9 wherein the fil- 
ter portion forming metal particles used are gener- 
ally uniform In particle size, and the catalyst 
particles have a particle size greater than the pore 
size In a surface of the filter portion and permitting ss 
the catalyst particles to be accommodated in inter- 
stices between the metal particles with a clearance 
formed in the interstices. 

1 1 . A sintered porous metal filter permitting passage of 40 
gases therethrough, the filter comprising: 

a filter portion having specified pores for trap- 
ping dust as separated from the gas to be 
treated, and 45 
a support portion for supporting the filter por- 
tion, the support portion having pores greater 
than the pores of the filter portion to diminish 
the pressure loss of the gas to be treated, 
the pores of the support portion having partly so 
accommodated therein catalyst particles for 
undergoing a catalytic reaction with harmful 
sut)stances contained in the gas to render the 
harmful substances harmless, 
the filter portion comprising metal particles of 55 
small diameter, the support portion comprising 
metal particles having a greater diameter than 
the filter portion forming metal particles, the fil- 



ter portion and the support portion being 
formed to provide an outer side and an inner 
side integral therewith by hot isostatic pressing 
of the metal particles of different diameters arid 
catalyst particles as suitably made present in 
interstices between the support portion forming 
metal particles. 

12. A sintered porous metal filter permitting passage of 
gases therethrough, the filter comprising: 

a filter portion having specified pores for trap- 
ping dust as separated from the gas to be 
treated, and 

a catalyst reaction portion for undergoing a cat- 
alytic reaction with harmful substances con- 
tained in the gas to render the harmful 
substances harmless. 

the filter portion and the catalyst reaction por- 
tion being formed to provide an outer side and 
an inner side Integral tiierewith by hot isostatic 
pressing of metal particles for forming the filter 
portion and catalyst particles for forming the 
reaction. 

13. The metal filter as defined in claim 12 wherein the 
catalyst reaction portion is provided on a surface 
thereof opposite to the filter portion witii a porous 
support member for holding the catalyst reaction 
portion. 

14. A combustion exhaust gas treating apparatus for 
removing dust from a combustion exhaust gas pro- 
duced by a refuse combustion device, rendering the 
exhaust gas harmless and releasing tiie resulting 
gas to tfie atmosphere, ttie apparatus being char- 
acterized in tiiat the combustion exhaust gas is 
passed through a filter portion comprising a sin- 
tered porous body In the form of a hollow cylinder 
and permitting gases to pass therethrough, a flue 
for guiding the exhaust gas from the combustion 
device being provided with' means formed with a 
catalyst reaction portion downstream from the filter 
portion with respect to the direction of flow of the 
exhaust gas. 

15. A combustion exhaust gas treating apparatus for 
removing dust from a combustion exhaust gas pro- 
duced by a refuse combustion device, rendering tiie 
exhaust gas harmless and releasing the resulting 
gas to tiie atmosphere, tiie apparatus being char- 
acterized in tiiat the combustion exhaust gas is 
passed through a filter jDortion comprising a sin- 
tered porous body In the form of a hollow cylinder 
and permitting gases to pass therethrough, a flue 
for guiding the exhaust gas from tiie combustion 
device being provided with means having catalyst 
particles confined in part of interstices of the filter 
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